Purpose: This epidemiological retrospective survey aims to provide population-based estimates of the burden of hospitalisation for herpes zoster ophthalmicus in Spain during a twelve-year period (1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008). Methods: All hospital discharges and deaths related to herpes zoster ophthalmicus in patients older than 30 years old from 1997 to 2008 in Spain were obtained. Differences in proportions were assessed by the Chi-square test. ANOVA was used for multiple comparisons. Poisson regression was used to assess differences in the rates. Results: A total of 3029 hospital discharges in patients older than 30 years old were coded as herpes zoster ophthalmicus. Of those, 1009 were coded as primary cause of hospitalization. This corresponds to a hospitalization rate of 0.94 and 0.31 hospitalizations per 100,000 for any position and first diagnostic position, respectively. The 75% of the total discharges were in immunocompetent patients. The herpes zoster ophthalmicus hospitalization rate increased significantly during the study period. This increase was also observed for immunocompetent patients. A total of 127 and 21 deaths occurred in patients ≥ 30 year-old hospitalized with herpes zoster ophthalmicus in any diagnostic position and principal diagnostic code, respectively during the 12-year study period. Of them, 70 (53.4%) were in immunocompetent patients, and, of those 11 were in patients with HZO in the first diagnosis position. The hospitalization rate and case-fatality rate increase significantly with age from 50 years old onwards. Conclusion: HZO, a vaccine preventable disease, still causes hospitalization and death in adults in Spain.
Introduction
Herpes zoster ophtalmicus (HZO) occurs when the varicella zoster virus is reactivated in the ophthalmic division of the fifth cranial nerve (trigeminal). The virus damages the eye and surrounding structures by secondary perineural and intraneural inflammation of sensory nerves [1] . Risk factors for the development of HZO are age, female gender, immunosupression, white ethnicity and exposure to infected individuals, the same as those for HZ in other locations [2] .
Herpes zoster infection results from reactivation of varicella zoster virus which remains latent in sensory ganglia following varicella. In Europe, more than 95% of the adult population is VZV positive following varicella and therefore at risk of HZ [3] It is estimated that 25 to 30% of the population and up to 50% of those living until 85 years of age [4] will suffer from herpes zoster (HZ) at least once in their lifetime [5] . Complications of herpes zoster occurs in 13% -26% of the cases [6, 7] . Post-herpetic neuralgia (PHN) is the most common and debilitating complication [8, 9] , affecting 15 to 40% of cases. [7] the incidence and severity of herpes zoster and postherpetic neuralgia increase with age due to the decrease of cell-mediated immunity to Varicella-Zoster Virus (VZV). Complications are associated with excess of morbidity, but also are thought to be associated with an increase of the costs for the health care system.
Following the thoracic location, the cranial manifestation of herpes zoster is the second most common, including ophthalmic division of the trigeminal nerve, the incidence of which increases with age. Herpes zoster ophthalmic occurs in approximately 10% to 20% of herpes zoster cases [10] . Up to 50% of patients with ophthalmic zoster develop complications, which can lead to visual morbidity [11] .
Main ocular complications in immunocompetent patients with ophthalmic zoster depend on the part of the eye affected and the phase of the infection and are as different as swelling, vesicular rash of the eyelids, uveitis, ocular hypertension or retinal necrosis [12, 13] . HZO is considered an ophthalmic emergency, as sequelae can be severe, including chronic ocular inflammation, vision loss and disabling pain [1] .
An effective and safe, live attenuated shingles (herpes zoster) vaccine has proved to reduce the incidence and burden of illness due to herpes zoster among people 50 years of age or older, as well as the morbidity from post-herpetic neuralgia among older adults [14] . A thorough epidemiological surveillance and a good understanding of the burden of diseases associated to VZV are crucial to asses any potential impact of a prevention strategy.
Hospital discharge databases are useful for establishing disease burden, as they provide a complete record of all hospitalisations and, in general, are not subject to the limitations of outpatient surveillance systems, such as under-diagnosis or deficiencies in reporting. Another advantage of these databases is the standardized diagnosis code lists that enable secular trend analysis of incident disease for a given population. The Spanish centralized discharge database, which includes 98% of hospitals of the National Health Care System (covering almost all the Spanish population), can give a reasonable approximation of the burden of HZO related hospitalisations. Furthermore, this database has been shown to be a reliable tool for enumerating cases of different infectious diseases that required hospitalisation [15] .
There are limited recent published data on HZO hospitalizations throughout the world with which to compare our results and this is the first one to the date in Spain. This epidemiological retrospective survey aims to provide population-based estimates of the burden of hospitalisation for herpes zoster ophthalmicus in the general population and in immunocompetent patients in Spain during a twelve-year period (1997-2008).
Materials and Methods

National Surveillance System for Hospital Data
This retrospective observational descriptive study used the national surveillance system for hospital data ( The conditions that influence the risk for hospitalizetion were: Diabetes, COPD, asthma, cardiac chronic disease and chronic renal disease.
All ICD-CM codes are listed in Table 1 .
No personal data referring to patients were used in this study. Secondary analysis of anonymous data, coming from blind data bases used with epidemiologic research are not subject to IRB approval. Data were treated following the guidelines of the Declaration of Helsinki. 
Statistical Methods
The total number of hospitalisations for HZO during the study period, annual incidence of hospital admissions (per 100,000 population), average length of stay in the hospital (ALOS), and case-fatality rate (%) were calculated. As denominator, we used data obtained from municipal registers adjusted by the percentage of hospitalizations included in the CMBD information system. It was assumed that the distribution by age of the population covered by these public hospitals was equal to those in the general population. Differences in proportions were assessed by the Chi-square test, and confidence intervals (95% CI) were calculated. ANOVA was used for multiple comparisons. The post hoc Bonferroni correction was used to adjust statistical significance for multiple comparisons. Poisson regression was used to assess differences in the hospitalisation rate during the study period in all the age groups. The significance level used was p < 0.05. Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS/PASW for windows, version 17.0; Chicago, IL, USA). The cost to the health care system of these hospitalisations related to HZO was calculated by considering the diagnostic cost group, the total cost and the number of discharges. Diagnostic cost group was based on the Diagnosis Related Groups (DRG) for hospitalized patient depending on discharge ICD code, age, sex, and resources consumption. Each group is supposed to include similar clinically patients, has similar weight in hospital costs and can be applied to each related patient. DRGs calculations are made by 3M with Core Grouping System Software [19] .
Results
Hospital discharges related to herpes zoster ophthalmicus during the 12-year study period were studied. A total of 3339 hospital discharges were coded as herpes zoster ophthalmicus (considering all the population). Of those, 1165 were coded as primary cause of hospitalization. This corresponds to a hospitalization rate of 0.67 (CI 95%: 0.65 -0.70) and 0.23 (CI 95%: 0.22 -0.25) hospitalizations per 100,000 for any position and first diagnostic position, respectively.
Of the 3339 total discharges, 91% were older than 30 years old (n = 3029), 74% were older than 50 years old (n = 2482), 311 discharges corresponded to 50 -59 year old group of age, 547 to 60 -69 and 1624 (48.6%) were 70 years old or older ( Table 2) .
A 75% (n = 2509) of the hospitalizated patients (all ages considered) were inmunocompetent. There was a great disparity of causes of hospitalization when HZO was not the main cause of hospitalization, with AIDS (2, 3%), chronic obstructive bronchitis (1.5%) as the most important ones for the global analysis and chronic obstructive bronchitis (5.2%), herpes zoster (4.2%) and pneumonia (2.7%) for the immunocompetent population sub analysis.
Mean age (SD) was 62 (22) and 58 (24) years old for all patients hospitalized with herpes zoster ophthalmicus in any diagnostic position and as principal diagnostic code, respectively and 59% and 56.2% of the patients were male, respectively. When only studying immunocompetent patients, mean age was 65 (22) and 61 (25) years old and 57.1% and 53.8% of the patients were male for patients with ophthalmic herpes zoster diagnosed in any diagnostic position and in first diagnostic position, respectively.
The HZO hospitalization rate in patients older than 30 years old increased significantly (p < 0.001) during the study period from 0.77 and 0.26 hospitalizations per 100,000 in 1997 to 0.92 and 0.30 hospitalizations per 100,000 in 2008, in any diagnostic position and principal diagnostic code, respectively (Figure 1) .
The average length of stay in the hospital for patients older than 30 was 13 (SD: 14) and 10 (SD: 9) days in any diagnostic position and in first diagnostic position, respectively, and did not change significantly during the study period.
A 12.4% and 6.6% of cases of the hospitalizations were readmissions, defined as any admission in the following 30 days after discharge, irrespectively of the discharge code.
The average length of stay in the hospital for immunocompetent patients older than 30 was 12 (SD: 13) and 9 (SD: 8) days in any diagnostic position and in first diagnostic position, respectively, and did not change significantly during the study period. A 9.9% and 4.5% percent of cases of the immunocompetent patients hospitalizations were readmissions.
The 55.6% (n = 1685) of the hospitalized patients with HZO for patients older than 30 presented conditions that influence the risk for hospitalization. The most frequent were: cardiac chronic disease (40.8%), diabetes (16.5%), COPD (16.1%), asthma (2.9%), and chronic renal disease (4.5%). A 12.6 % of these patients presented HZ complications. The most frequent HZ complications were: neurological conditions (8.1%), meningitis (1.6%) and infections (1.9%).
The 63% (n = 1440) of the immunocompetent hospitalized patients with HZO presented conditions that influence the risk for hospitalization. The most frequent were: cardiac chronic disease (46.9%) diabetes (18.6%), COPD (18.3%), asthma (3.3%), and chronic renal disease (5.2%).
A 12.6 % of these immunocompetent hospitalized patients presented HZ complications, the most frequent ones were: neurological conditions (8.2%), meningitis (2%) and Bell's paralysis (1%). Among the total of 127 deaths occurring in HZO hospitalized patients older than 30 years old ( Table 2) , 21 were observed in patients with HZO as principal diagnostic code and 4 with HZ as principal diagnostic code. The case fatality rate was 2.1% (CI 95%: 1.2 -3.0.) for HZO as primary diagnosis and 2.5% (CI 95%: 1.4 -3.5) if we also consider the 4 deaths in patients primarily diagnosed with HZ.
Seventy deaths (55.1%) occurred in immunocompetent patients, and, of those 11 were in patients with HZO in the first diagnosis position and 1 in a patient with HZ in the first diagnosis position. This makes a case fatality rate 1.4% (CI 95%: 0.6 -2.2) for primary diagnosis and 1.6% (CI 95%: 0.6 -2.4) if we also consider the death in the patient primarily diagnosed with HZ.
The case-fatality rate did not vary during the study period neither in patients hospitalized with ophthalmic herpes zoster in any diagnostic position or as principal diagnostic code.
Distribution of hospitalizations rates per region in Spain can be seen in Figure 2 . The higher hospitalization rates were found in Ceuta, Melilla, Aragón and La Rioja with more than 1.5 hospitalizations per 100,000 population, meanwhile the lower hospitalization rate was found in The Canary Islands with 0.354 hospitalizations per 100,000.
During the 12-year period, the cost for inpatient hospital care per hospitalization was 2268€ for patients older than 30 years old hospitalized with HZO as the first diagnostic code. These figures are slightly lower in immunocompetent patients with 1955€ for principal diagnostic code. Estimated cost of these hospitalisations per year was approximately 191,000€ for HZO in as princepal diagnostic code, in patients older than 30 years old. In immunocompetent patients estimated cost per year was approximately 126,000€ for HZO as principal diagnostic code. 
Discussion
This study reflects the burden of hospitalised HZO by reporting the population-based estimates of the burden of hospitalisations in general population in Spain from 1997 to 2008. A total of 3339 hospital discharges related to HZO occurred during the 1997-2008 period in all ages, which means an annual hospitalization rate of 0.67 per 100,000 population. More than 90% of the patients were older than 30 years old, with a sharply increased of cases with age, reaching a 2.6 per 100,000 in older than 70.
It is considered that HZO represents 10% to 20% of all HZ cases [20] . In this study the incidence of HZO hospitalizations (considering the first diagnosis position) represented a 9% of the incidence of HZ hospitalizations estimated by Gil et al. for the 1998-2004 period [15] .
As expected, HZ and HZO follow the same epidemicologic pattern, increasing their incidence with age accounting for more than 70% of the cases in population older than 50 years of age. These results are in line with previous published data [21, 22] .
The gender ratio, with 59% of cases affecting male patients, is not in accordance with the fact that female gender is considered as a risk factor for HZO [2] . Gil et al. also observed a higher incidence of HZ hospitalizations in males than females (52% vs 48%) during the 1998-2004 period [15] . In most studies [23] [24] [25] [26] [27] [28] [29] the incidence of HZ was higher in females than in males. Differences in the use of the health care system between males and females or different immune responses to the latent viral infection could partially explain these differences [30] . However, women have usually more contact with children than men [31, 32] . It has been proposed by different authors [33, 34] that contact with children reduces the risk of suffering herpes zoster in the adulthood.
This could partially explain the higher incidence of hospitalization for herpes zoster in men obtained in our study and could change in the future if varicella vaccinetion is implemented in the routine vaccine schedule at 15 months and the wild virus circulation is modified.
HZO coded in first diagnosis position represented 35% of all the cases. This could be explained by the high percentage of hospitalized patients who presented conditions that influenced the risk for hospitalization, as these conditions could have been coded as main cause of hospitalisation instead of HZO. However, there was a great disparity of causes of hospitalization when HZO was not the main cause of hospitalization, and there was no relation with the frequencies of the different conditions that influenced the risk of hospitalization.
A 12.6% of immunocompetent hospitalized patients presented HZ complications, with neurological conditions, meningitis and Bell's paralysis as the most frequent ones. Both the virulence of the infection and the immune response could explain, according to Liesegang et al., [20] why some immunocompetent patients have no complications and others develop a wide range of complications.
The Autonomous City of Melilla, and the Autonomous Regions of La Rioja and Aragón presented the highest HZO hospitalization rates, while Canary Island and Andalucía presented the lowest values. This ranking is very similar to the one published by Gil et al. for HZ hospitalization in Spain [15] Canary Islands have shown the lowest varicella hospitalization rates and also the lowest HZ and HZO hospitalization rates [35] . This could be explained either by factors related to the patient condition (mainly age and morbidity) and the health system (clinical procedures, availability of hospital beds per 100,000 population) or by its location, in a tropical area, where varicella zoster virus circulation is probably lower.
Long-term management is required for all HZO patients, so as to avoid the potential sequelae [36] . Furthermore, the benefit of antiviral agents is shown to be limited in patients with HZO [20] . Thus, prevention takes even more importance. A 75% of the hospitalized patients in this study were immunocompetent patients, susceptible to be vaccinated with the HZ vaccine [37] . A vaccination strategy of the immunocompetent adult population could lead to an important reduction in the burden of hospitalizations due to HZO.
The estimated annual cost of hospitalization due to HZO in immunocompetent patients was 126,000€. Only direct costs were calculated. This should also be taken into account when any prevention strategy is analysed.
This study has some limitations derived from the use of CMBD. The reliability of the CMBD depends on the quality of the discharge report and the clinical history, as well as the codification process variables [38] . Quality controls have been done to assess the validity of CMBD and the codification process has improved since 2001 [39] . Nevertheless, CMBD can be considered as a useful tool for this approach.
In the present study, all ICD-9-CM codes referring to HZO have been considered. As specific data about microbiological confirmation is not available within the CMBD, information on the diagnosis is based in clinical diagnosis, which in HZO we consider to be extremely valuable. It is general practice in Spanish public hospitals to confirm VZV. CMBD does not give information on the VZV strand.
Further efforts to enhance surveillance and further studies focused in the epidemiology and the incidence of varicella and herpes zoster are needed in order to evaluate current and future preventive measures implementation.
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